For some years it was believed that the plasma of patients with chronic renal failure contained no measurable erythropoietin (Penington, 1961; Brown, 1965) . There have been some reports to the contrary (Gallagher et al, 1959; Naets and Wittek, 1968; Mirand and Murphy, 1970) . Results similar to our own, though lacking normal control values, have been obtained by Gral et al (1972) . The following report presents values for erythropoietin in the plasma of normal subjects and in the plasma of patients with chronic renal failure who were receiving regular haemodialysis.
Material and Methods
Samples of blood for estimation of normal values were taken from laboratory volunteers and collected into commercial lithium heparin containers (Searle Diagnostic Ltd, High Wycombe). The plasma was separated and used immediately or stored at -20°C until it was required for assay when it was thawed at room temperature before use. Plasma from patients with chronic renal failure was collected similarly just before dialysis.
The blood haemoglobin and the packed cell volume were measured in normal volunteers. In patients with chronic renal failure the blood pressure was recorded to correlate with the erythropoietin assay, and an account was made of all drugs that were given at the time. A full peripheral blood Received for publication 9 May 1975. to haemorrhage or hypoxia that can occur in picture was obtained with relevant biochemical parameters.
Plasma erythropoietin was measured by the posthypoxic mouse method (Camiscoli and Gordon, 1970; Cotes, 1971 Plasma erythropoietin assay in patients with chronic renal failure the blood haemoglobin (r = 0-10), packed cell volume (r = 0-12) or blood urea (r = 0-13) and the plasma erythropoietin. There was no demonstrable difference in values for the blood haemoglobin or plasma erythropoietin values in patients who were treated with methyl testosterone compared with others who did not receive methyl testosterone (p > 0-2: > 0.5). Some of the patients showed unusual features and these are described below.
Patient 9
This man suffered an accidental intramuscular haemorrhage and his blood haemoglobin fell to 4-3 g/dl. At the same time the plasma erythropoietin measured 21-3 and 22-9 % 59Fe uptake per ml, in two separate assays.
Patient 24
Eighteen months after bilateral nephrectomy for the management of malignant hypertension, this woman had a blood haemoglobin of 11 8 g/dl, and packed cell volume 39 %Y. Blood volumre studies showed a red cell volume of 24-8 ml/kg (normal 20-30 ml/kg) with plasma volume 56 ml/kg (normal 40-50 ml/kg). The plasma erythropoietin measured 3-2 and 3-0 % 59Fe uptake per ml in two separate assays. There was no evidence of pulmonary insufficiency but the arterial oxygen saturation was 9.3 kPa (normal 13-3-16-6 kPa). Twelve weeks later the blood haemoglobin was 8-3 g/dl; plasma erythropoietin then measured 10-7y 59Fe uptake per ml.
No clinical evidence of haemorrhage or hypoxia was found in patients 2 and 8 to account for the high values for the plasma erythropoietin. Patient 9 had relatively high values for the blood haemoglobin, packed cell volume, and red cell volume with a normal plasma erythropoietin level; again, no reason could be found for the results.
Discussion NORMAL VALUES
Although there are many reports of values for plasma erythropoietin in patients with various haematological disorders, few series include normal values. Those using the post-hypoxic mouse method of assay include Bourgoignie et al (1968) with values in 12 normal subjects of 0 60 + 0 05 % 59Fe uptake per ml, and Whitcomb et al (1970) with values in four normal subjects of 0-4-1-2% 59Fe uptake per ml. Hasewaga et al (1968) , using the starved rat method of assay, obtained levels of 9 6 + 2-0 % 59Fe uptake per ml. It is difficult to correlate the results of haemagglutination-inhibition assay with biological assay. However, Lange et al (1969) measured serum erythropoietin levels in a total of 141 normal blood donors and obtained values of 0 0035 to 0-60 units of erythropoiesis stimulating factor (ESF) per ml.
CHRONIC RENAL FAILURE
Only one of our patients had no measurable erythropoietin in the plasma; in 25, the range of values was 0.5-22.9% 59Fe uptake per ml. Adamson et al (1968) studied 24 patients with chronic renal failure and reported plasma erythropoietin values less than normal in 17, normal in four, and increased above normal in three. Naets and Wittek (1968) reported a value for plasma erythropoietin of 19-3 % 59Fe uptake per ml in one of 11 patients with chronic renal failure. In five anephric subjects who were investigated by Mirand and Murphy (1970) values for plasma erythropoietin showed a range of 0-78-25 2 % 59Fe uptake per ml.
Blood transfusions were avoided in the patients in our series. It was shown that plasma erythropoietin levels were greater in non-transfused patients with chronic renal failure (Gral and Schroth, 1970) . The same workers (Gral et al, 1972 ) measured plasma erythropoietin in 73 patients with chronic renal failure; their results were shown in the form of a graph and expressed in Naperian logarithms with a range of 0-42-6 % 59Fe uptake per ml. When our values were converted to the same terms, the figures were similar to those of Gral et al.
In our patients, the administration of methyl testosterone produced no remarkable effect on values for the blood haemoglobin, packed cell volume, or plasma erythropoietin levels. Moreover, when equivalent amounts of testosterone to normal male physiological levels were added to normal female plasma and included in a standard assay, no increase in % 59Fe uptake was found although other workers have reported stimulating effects upon erythropoiesis by androgens in experimental animals (Meinecke and Crafts, 1968) . DeGowin et al (1970) described two patients with chronic renal failure who were treated with testosterone and reported increased values for the plasma erythropoietin. However, blood transfusions were discontinued during the test period so that the results could be compared with those of Gral and Schroth in nontransfused patients who had not received testosterone. However, clinical response to testosterone therapy in patients with chronic renal failure has been reported by Shaldon et al (1970) .
The effects of hypoxia and haemorrhage in two patients in our series confirmed the -results of experimental studies by Fried and Gurney (1968) , showing that erythropoietic response can occur in these conditions in the anephric state.
Conclusion
We have been able to obtain values for plasma erythropoietin in normal subjects and in patients with chronic renal failure. That we have done so may be due to the fact that our biological material is more sensitive to erythropoietin than that of other workers since our method of assay follows accepted procedures. Zanjani et al (1972) 
